Hypoxia preconditioning in the brain.
Exposure to moderate hypoxia alone does not cause neuronal death as long as blood pressure and cerebral blood flow are maintained in mammals. In neonatal and adult mammals including rats and mice, carotid occlusion in combination with hypoxia produces neuronal death and brain infarction. However, preexposure to 8% oxygen for 3 h protects the brain and likely other organs of neonatal and adult rats against combined hypoxia-ischemia 24 h later. In this paper, the possible mechanisms of this so-called hypoxia-induced tolerance to ischemia is discussed. One mechanism likely involves hypoxia-inducible factor-1alpha (HIF-1alpha). HIF-1alpha is a transcription factor that - during hypoxia - binds with a second protein (HIF-1beta) in the nucleus to promoter elements in hypoxia-responsive target genes. This causes upregulation of HIF target genes including VEGF, erythropoietin, iNOS, glucose transporter-1, glycolytic enzymes, and many other genes to protect the brain against ischemia 24 h later. In addition, non-HIF pathways including MTF-1, Egr-1 and others act directly or indirectly on other target genes to also promote hypoxia-induced preconditioning. Hypoxia preconditioning can be mimicked by iron chelators like desferrioxamine and transition metals like cobalt chloride that inhibit prolyl hydroxylases, increase HIF-1alpha levels in the brain, and produce protection of the brain against combined hypoxia-ischemia 24 h later. This hypoxia preconditioning has potential clinical usefulness in protecting high-risk newborns or to provide protection prior to surgery.